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(54) MANUFACTURE OF FERROELECTRIC THIN FILM ELEMENT, FERROELECTRIC THIN FILM 
ELEMENT AND FERROELECTRIC MEMORY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing a ferroelectric thin film element consisting of a 
compound film of a Bi layer type structure, which enables a 
reduction in a film-forming temperature, a reduction of time and 
the simplification of a production process, the ferroelectric thin 
film element and a ferroelectric memory element. 
SOLUTION: A method of manufacturing a ferroelectric thin film 
element of a structure, wherein a lower electrode, a 
ferroelectric thin film and an upper electrode are provided in 
order on a substrate, comprises a process (S10) of applying a 
precursor solution, which contains a metallic element 
constituting a ferroelectrics, on the surface of the above lower 
electrode formed on the substrate, a process (S1 1), wherein the 
applied presursor solution is heated to remove a solvent only 
from the solution and to dry the precursor solution, a first 
heat-treating process (SI 3), wherein the dried precursor is 
heated in an atmosphere of a gas pressure lower than one 
atmospheric pressure to form a ferroelectric thin film, and a 
second heat-treating process (S15), wherein after the upper 
electrode is formed on the ferroelectric thin film, the upper 
electrode is heated in a nitrogen atmosphere. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the manufacture method of the ferroelectric thin film equipped with a lower electrode, a 
ferroelectric thin film, and an up electrode in order on a substrate (i) The aforementioned lower electrode is 
formed on a substrate, on the front face of lower (ii) this electrode Stoving of the precursor solution 
containing the metallic element which constitutes a ferroelectric is applied and carried out (iii). The 1st heat 
treatment process which heats to the obtained substrate in low gas pressure atmosphere, and forms a 
ferroelectric thin film in it from one atmospheric pressure, The manufacture method of the ferroelectric thin 
film characterized by giving the 2nd heat treatment process heated after forming an up electrode on this 
ferroelectric thin film. 

[Claim 2] The manufacture method of the ferroelectric thin film according to claim 1 performed in the gas 
pressure atmosphere of 20 or less Torrs in the 1st heat treatment process. 

[Claim 3] The manufacture method of the ferroelectric thin film according to claim 1 or 2 which performs 
the 1st heat treatment process under 600-degree-C or more atmosphere 650 degrees C or less. 
[Claim 4] The manufacture method of the ferroelectric thin film according to claim 1 to 3 which performs 
the 2nd heat treatment process under inert gas atmosphere. 

[Claim 5] The manufacture method of a ferroelectric thin film according to claim 1 to 4 that a precursor 
solution consists of the metaled carboxylate or metaled alkoxide which constitutes a ferroelectric thin film. 
[Claim 6] The ferroelectric thin film formed by the way according to claim 1 to 5 a ferroelectric thin film is 
the bismuth stratified compound which consists of an oxide of either Sr, Bi and Ta or Ti. 
[Claim 7] The ferroelectric memory apparatus to which it has the memory cell which consists of one 
ferroelectric capacitor which consists of the lower electrodes, ferroelectric thin films, and up electrodes 
which were formed through the insulator layer on one a transistor and this transistor, and were electrically 
connected with this transistor through the contact plug, and the aforementioned ferroelectric thin film is 
characterized by the bird clapper from the bismuth layer structure compound formed by the method 
according to claim 1 to 5. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method, 

ferroelectric thin film, and ferroelectric memory apparatus of a ferroelectric thin film. 

[0002] 

[Description of the Prior Art] The ferroelectric thin film is applied to extensive device development from 
having many functions, such as spontaneous polarization, a high dielectric constant, the electro-optical 
effect, piezoelectricity effect, and a pyroelectric effect, for example, the pyroelectricity — using — an 
infrared linear array sensor — moreover, piezoelectric [ the ] — using — an ultrasonic sensor — the 
electro-optical effect — using — an optical modulator — the high dielectric — using — DRAM and the 
capacitor for MMIC — ** — it is used in various directions 

[0003] Development of the ferroelectric non-volatile memory (FRAM) which operates at high speed with high 
density with combination with semiconductor memory technology with progress of a thin film coating 
technology in recent years especially is prosperous. As for the non-volatile memory using the ferroelectric 
thin film, the high-speed writing / research and development which reads and turns not only replacement of 
the conventional non-volatile memory but replacement of SRAM and DRAM to utilization as possible memory 
from the height of low-battery operation and writing / read-out repeat resistance is done briskly. 
[0004] Anti-electric field (Ec) are small, to such device development, a remanence (Pr) is large, and a high 
ferroelectric material of the repeat resistance of polarization reversal is [ it is a low leakage current and ] 
required. Since reduction of operating voltage and a semiconductor micro-processing process are 
furthermore suited, it is desirable to realize the above-mentioned property by the thin film of 200nm or less 
of thickness. And as a ferroelectric material used for these uses, the oxide material of the perovskite 
structure represented by PZT (titanic-acid lead zirconate, Pb(Ti, Zr) 03) was in use. 

[0005] However, since the material which contains lead as the composition element like PZT has the high 
vapor pressure of lead or its oxide, lead evaporates at the time of membrane formation, a defect is 
generated in a film, or when severe, it forms a pinhole. Consequently, when the leakage current increased or 
polarization reversal was repeated, there was a fault, like defatigation reduction to which the size of 
spontaneous polarization decreases takes place. In order to have to guarantee especially that after 1015 
polarization reversal does not have change of a property about defatigation reduction when it comes to the 
use as ferroelectric non-volatile memory (FRAM), development of a ferroelectric thin film without 
defatigation was desired. 

[0006] On the other hand, research and development of bismuth layer structure compound material are done 
in recent years. Bismuth-like structure compound material was discovered by Smolenskii and others in 1959 
(G.A.Smolenskii, V.A.Isupov and A.I.Agranovskaya, Soviet Phys. Solid State, 1, 149 (1959)), and a detailed 
examination was made by Subbarao after that (E.C.Subbarao, J.Phys.Chem. Solids, 23, 665 (1962)). Moreover, 
Carlos, A.Paz de Araujo and others have reported that this bismuth layer structure compound thin film is 
suitable for a ferroelectric and high dielectric integrated-circuit application, and that after 1012 polarization 
reversal or more has especially the outstanding defatigation property that change is not looked at by the 
property recently (PCT/US 92/No. 10542). 

[0007] Moreover, the chemical methods, such as the physical methods, such as a vacuum deposition 
method, the sputtering method, and the laser ablation method, and a sol gel process which uses an 
organometallic compound as a start raw material, carries out pyrolysis oxidization of these, and obtains an 
oxide ferroelectric or the MOD (Metal Organic Decomposition) method, the MOCVD (Metal Organic Chemica 
Vapor Deposition) method, are used for the manufacture method of a ferroelectric thin film. 
[0008] that production of a raw material solution with atomic homogeneous level is possible for a sol gel 
process or the MOD method in the above-mentioned forming-membranes method, composition control being 
easy and excelling in repeatability, and special vacuum devices are unnecessary, and membrane formation of 
a large area is possible at an ordinary pressure — it is a low cost industrially — etc. — it is widely used 
from the advantage The MOD method of a process as especially shown below also as the membrane 
formation method of the above-mentioned bismuth layer structure compound thin film is used (PCT/US 
93/No. 10021). 

[0009] (1) In order to carry out secession removal of alcohol and the remains moisture which carried out 
reaction generation in the process (2) solvent and the process of (1) which carry out application membrane 
formation of the precursor solution which consists of a compound alkoxide etc. on a substrate by the spin 
coat method etc. from the inside of a film In order to carry out pyrolysis removal of the organic substance 
component in the process (3) film which carries out stoving of the film obtained for 5 - 10 minutes at 
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170-250 degrees C, the RTA (Rapid Thermal Annealing) method is used, at 700-725 degrees C in oxygen 
atmosphere For 30 seconds, The process heat-treated for 30 minutes at 800 degrees C among oxygen 
atmosphere after forming the process (5) up electrode heat-treated for 30 - 90 minutes at 800 degrees C 
among oxygen atmosphere, in order to crystallize the process (4) film to heat-treat. 

[0010] In addition, in order to obtain desired thickness, the process of (1) to (3) is repeated and, finally (4) or 
(5) process is performed. However, in the above conventional MOD methods, with the burning temperature 
of 650 degrees C or less, in order to hardly crystallize but to acquire a high remanence, the ferroelectric 
thin film by the process (process (4)) which crystallizes before forming an up electrode is an elevated 
temperature very much, and needed to be heat-treated with 800 degrees C for a long time [ thing ] for 1 
hour or more (PCT/US 93/No. 10021). For this reason, it was easy to become ****** of the size whose 
particle diameter is about 250-350nm, while the leakage current increased, isolation voltage also fell, and 
micro processing was not further suitable for a high integration device from a bird clapper difficult. 
[001 1] On the other hand, in order to integrate ferroelectric non-volatile memory highly, it is necessary to 
connect a ferroelectric capacitor with a selection transistor with a contact plug, and to adopt the stack type 
structure in which the ferroelectric capacitor was formed on the contact plug (S.Onishi et al., IEEE lEDM 
Technical Digest, p843 (1994)). However, prolonged heat-treatment in the elevated-temperature oxygen 
atmosphere for forming a ferroelectric thin film had problems, such as causing the poor contact and 
property degradation by oxidization of contact plug material, such as counter diffusion and contest 
polysilicon, the counter diffusion of contact plug material, and a lower electrode material and a ferroelectric 
thin film material, etc. in a ferroelectric thin film and an electrode interface. 

[0012] For this reason, although it is necessary to form thickly the electrode material and barrier metal 
material which bear an elevated temperature for a long time, the level difference of a capacitor portion 
becomes large by this, and it has been an obstacle In the case of integrating an element highly. Therefore, in 
order to make thickness of the whole capacitor thin and to attain high integration, as for a ferroelectric thin 
film, it is desirable to acquire a good property with heat treatment of low temperature and a short time 
conventionally. It is necessary to make heat treatment temperature of a ferroelectric thin film into 650 
degrees G or less as a standard. 
[0013] 

[Means for Solving the Problem] In the manufacture method of the ferroelectric thin film which is equipped 
with a lower electrode, a ferroelectric thin film, and an up electrode in order on a substrate according to this 
invention (i) The aforementioned lower electrode is formed on a substrate, on the front face of lower (ii) this 
electrode Stoving of the precursor solution containing the metallic element which constitutes a ferroelectric 
is applied and carried out (iii). The 1st heat treatment process which heats to the obtained substrate in low 
gas pressure atmosphere, and forms a ferroelectric thin film in it from one atmospheric pressure. The 
manufacture method of the ferroelectric thin film which gives the 2nd heat treatment process heated after 
forming an up electrode on this ferroelectric thin film is offered. 

[0014] Moreover, it is formed in the above-mentioned manufacture method, and the ferroelectric thin film 
whose ferroelectric thin film is the bismuth stratified compound which consists of an oxide of either Sr, Bi 
and Ta or Ti is offered. Furthermore, it has the memory cell which consists of one ferroelectric capacitor 
which consists of the lower electrodes, ferroelectric thin films, and up electrodes which were formed 
through the insulator layer on one a transistor and this transistor, and were electrically connected with this 
transistor through the contact plug, and the ferroelectric memory apparatus which the aforementioned 
ferroelectric thin film becomes from the bismuth layer structure compound formed by the above-mentioned 
manufacture method is offered. 

[0015] In the manufacture method of the ferroelectric thin film in this invention, a ferroelectric thin film 
shows the ferroelectric thin film which can usually be used for a memory device, a pyroelectric-sensor 
element, a piezoelectric device, etc., and a lower electrode, a ferroelectric thin film, and an up electrode are 
formed one by one on a substrate, and it is constituted. Process (i) It sets and a lower electrode is formed 
on a substrate. Although various things, such as refractory metals, such as the electrical conducting materia 
usually used as an electrode material, for example, aluminum and Cu, and Ti, Ta, W, can be used for a lower 
electrode, in order to form an oxide layer on a lower electrode, it is desirable to use the electrical 
conducting material which cannot oxidize easily, for example, Pt, Ru02, the conductive oxide of Ir02 grade, 
etc. It is about 50-200nm thickness, and this lower electrode forms membranes by the well-known method, 
for example, a spatter, the vacuum deposition method, the electron-beam-evaporation method, etc., and 
patterning of it can be carried out to a desired configuration by the well-known method, for example, a 
photolithography, and the etching method, and it can be formed. 

[0016] In addition, in the manufacture method of this invention, a direct lower electrode may be formed on a 
substrate and insulator layers, such as Si02 and SiN, a transistor, a capacitor, etc. may be arbitrarily formed 
on a substrate through the layer insulation film which covers a desired element and them. Moreover, when 
forming a lower electrode through an insulator layer on a substrate, you may make the glue line which 
consists of Ta, Ti, TiN, etc. intervene between an insulator layer and a lower electrode. 

[0017] In a process (ii), stoving of the precursor solution containing the metallic element which constitutes £ 
ferroelectric is applied and carried out to the formed lower electrode front face. What can mention Bi, Sr, Ta 
Nb, Ti, Zr, calcium, Pb, etc., and contains Bi, Sr and Ta, or Ti especially as a metallic element which 
constitutes a ferroelectric, for example is desirable. The precursor solution containing these metallic 
elements is a solution used for membrane formation by the sol gel process or the MOD method, it is suitable 
concentration, suitable temperature, and the suitable blending ratio of coal, and the carboxylate or alkoxide 
of these metallic elements is dissolved in a suitable aquosity medium or a suitable organic solvent. As an 
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organic solvent which can be used, lower alcohols, such as a nnethanol, ethanol, and propanol, a xylene, 
acetic ester, etc. are mentioned, for example. The method which is mixed suitably, stirring for about 1 to 3 
hours while it prepares separately [ mol / about 0.1-1 //I. ] although it changes with composition of the 
ferroelectric which is finally going to obtain each / of the metallic element from which manufacture of a 
precursor solution constitutes a ferroelectric / solution, for example, being about 150 degrees C or less and 
heating enough, and carries out grade stirring of the mixed liquor further 1 hour - one whole day and night is 
mentioned. In addition, as for a precursor solution, it is desirable to perform filtration, distillation of a solvent, 
manufacture of concentration, etc. arbitrarily. 

[0018] The obtained precursor solution can be further applied by the thickness of about 20-200nm of hits 
by the spin coater on a lower electrode. However, since it will be easy to generate a crack at a dryness 
process if neighboring thickness is still thicker, neighboring thickness has more desirable much more about 
lOOnm or less. Although you may carry out fixed time at uniform temperature, temperature changes stoving 
of this precursor solution and it may be performed. For example, 1 stage stoving performed for 1 - 30 
minutes at the temperature of about 100-260 degrees C is sufficient, and For example, about 100-130 
degrees C [ whether a substrate is preferably heated before and after 120 degrees C, and ] Or after 
carrying out grade substrate maintenance for 1 - 30 minutes in the gas of the temperature of this range, 
About 230-260-degree C 2 stage stoving which heats a substrate before and after 250 degrees C 
preferably, or carries out grade substrate maintenance for 1 - 30 minutes in the gas of the temperature of 
this range is sufficient, and subsequently, within an about 1 00-260-degree C temperature requirement 
Stoving which heats or holds an about [ a 1-30 minute room ] substrate is sufficient, raising temperature 
gradually. 

[0019] Application of the above-mentioned precursor solution and stoving are performed once, and you may 
move to the following process and they may be performed repeatedly the number of times of two requests 
or more. In this invention, about 50-200nm has the total desirable thickness. Process (iii) The 1st heat 
treatment process which heats to a precursor solution, an application, and the substrate that carried out 
stoving in a gas pressure atmosphere lower than one atmospheric pressure, and forms a ferroelectric thin 
film in it as set and mentioned above, and the 2nd heat treatment process heated after forming an up 
electrode on this ferroelectric thin film are given. It is desirable the pressure range of 1 - 760Torr and to 
perform the 1st heat treatment process a grade for 30 second - 60 minutes preferably under the pressure 
range of 3 - 20Torr, an about 600-650-degree C temperature requirement, and oxygen atmosphere. 
According to this 1st heat treatment process, while being able to carry out decomposition removal of the 
organic substance in an application and the film which carried out stoving, the crystallized ferroelectric thin 
film can be formed. Heat treatment in this case can be performed by the well-known method, for example, 
the RTA method, the method using the heat treating furnace, etc. However, an up electrode material does 
not need to be the same as a lower electrode material. 

[0020] Subsequently, an up electrode is formed on the ferroelectric thin film to which this 1st heat 
treatment was performed. Besides, a section electrode can be formed by the same material as a lower 
electrode, the same method, and the same thickness. As for the 2nd heat treatment process, it is desirable 
under the atmospheric pressure force single or to carry out a grade for 30 second - 60 minutes under a 
mixed inert gas atmosphere, such as an about 600-650-degree C temperature requirement, an argon, and 
nitrogen gas. Heat treatment in this case can also be performed by the same method as the above. 
[0021] In this invention, moreover, the ferroelectric thin film in the ferroelectric element formed by the 
above-mentioned method SBT (SrBi2Ta 209), SrBi2Nb209, SrBi2 (Ta, Nb) It is desirable that they are 
bismuth layer structure compounds, such as 209, Bi4Ti 3012, SrBi4Ti 4015, SrBi4(Ti, Zr)4015, CaBi2Ta 
209, BaBi2Ta 209, BaBi2Nb 209, and PbBi2Ta 209. 

[0022] Furthermore, in this invention, it is desirable to apply to the ferroelectric memory apparatus which 
constitutes one cell combining one transistor and one capacitor, using an above-mentioned ferroelectric 
element as a capacitor. 
[0023] 

[Embodiments of the Invention] Hereafter, the form of operation of the manufacture method of the 
ferroelectric thin film of this invention, a ferroelectric thin film, and a ferroelectric memory apparatus is 
explained with reference to a drawing. 

[0024] The ferroelectric thin film for producing form 1 drawing 1 of operation using the manufacture method 
of the ferroelectric thin film of this invention, and evaluating the below-mentioned electrical property is 
shown. This ferroelectric thin film forms the silicon thermal oxidation film 2 of 200nm of thickness in the 
front face of n type silicon substrate 1 as a layer insulation film. Moreover, the Ta film 3 of 30nm of 
thickness is formed as a glue line, further It is the structure which formed the up electrode 6 by the lower 
electrode 4 by Pt film of 200nm of thickness, the ferroelectric thin film 5 by 20SrBi2Ta9 thin film (with, a 
SBT thin film is called) of 200nm of thickness, and Pt film of lOOnm of thickness one by one, respectively. 
[0025] Below, the manufacture method of a ferroelectric thin film shown in drawing 1 is explained. First, 
thickness formed in the substrate front face the silicon thermal oxidation film 2 which is 200nm by oxidizing 
thermally the front face of n type silicon substrate 1 at 1000 degrees C. And on this silicon thermal 
oxidation film 2, the Ta film 3 whose thickness is 30nm was formed by the spatter, the lower electrode by Pt 
film whose thickness is 200nm was further formed on this, and this was used as a ferroelectric thin film 
formation substrate. 

[0026] Subsequently, the SBT thin film was formed as a ferroelectric thin film 5 on this ferroelectric thin filn 
formation substrate. The SBT thin film was formed according to a series of processes which form a SBT 
thin film on a substrate using composition of a precursor solution, and this precursor solution, as shown in 
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drawing 2 . First, it agitated heating from 100 degrees C to 120 degrees C of maximum temperatures, in 
order to carry out weighing capacity of the tantalum ethoxide (Ta (OC2H5)) (Step S1), to dissolve this 
tantalum ethoxide into 2-ethyl hexanate as a start raw material of precursor solution composition (Step S2) 
and to promote a reaction, and was made to react for 30 minutes (Step S3). 

[0027] Subsequently, the ethanol and the moisture which were generated by the reaction at 120 degrees C 
are removed. Heating churning of the strontium-2-ethyl hexanate (Sr2 (C7 H15C00)) which the xylene was 
made to dissolve in the solution was carried out at 140 degrees C of maximum temperatures from proper 
quantity **** (Step S4) and 125 degrees C for 30 minutes so that a composition ratio might be set to 
Sr/Ta=0.8/2.0 (Step S5). 

[0028] Then, heating churning of the bismuth-2-ethyl hexanate (Bi2 (C7 H15C00)) which the xylene was 
made to dissolve in this solution was carried out at 150 degrees C of maximum temperatures from optimum 
dose **** (Step S6) and 130 degrees C for 10 hours so that a precursor solution composition ratio might be 
set to Sr/Bi/Ta=0. 8/2. 2/2.0 (Step S7). Then, in order to remove the xylene used as the alcohol, the water, 
and the solvent of low molecular weight from this solution, it distilled at the temperature of 130 degrees C - 
150 degrees C for 5 hours, and further, in order to remove dust from a solution, it filtered with the filter of 
the diameter of 0.45 micrometer (Step S8). Then, the concentration of SrO.8Bi2.2Ta 2.0O9.1 of a solution 
was adjusted to 0.1 mol/l, and this was made into the precursor solution (step S9). 

[0029] Subsequently, the above-mentioned precursor solution was dropped on the ferroelectric thin film 
formation substrate in which the lower electrode 4 mentioned above was formed, and the spin application 
was carried out by 3000rpm during 20 seconds (Step S10). Then, it laid in the hot plate which heated the 
substrate at 120 degrees C, and was made to BEKU and dry in the atmosphere for 5 minutes (Step S11). In 
that case, in order to advance dryness uniformly, it is desirable to make a temperature requirement into 
100-130 degrees C, and the optimal drying temperature is about 120 degrees C. Since a crack occurs by 
membrane stress in the stage which repeats the below-mentioned application dryness when drying at 
temperature higher than this temperature requirement, for example, 150 degrees C, this is for preventing it. 
Then, in order to volatilize a solvent completely, it lays in the hot plate which heated the wafer at 250 
degrees C, and calcinates in the atmosphere for 5 minutes (Step SI 2). This temperature is more than the 
boiling point of a solvent, and it is desirable to carry out at the temperature of 230 degrees C - about 260 
degrees C for shortening of process time. This membrane formation process was repeated 3 times, and the 
SBT thin film of 200nm of thickness was formed. 

[0030] Next, heat treatment for 30 minutes was performed at 600 degrees C among 1 - 760Torr oxygen 
atmosphere, using RTA as the 1st baking (Step SI 3). Simultaneously with pyrolysis removal of the organic 
substance contained in the thin film by which application dryness was carried out, crystallization of a 
ferroelectric is performed in this 1st baking. Then, mask deposition of the up electrode 6 by Pt of 1 OOnm of 
thickness was carried out by EB (electron beam) vacuum deposition (Step SI 4). With the gestalt of this 
operation, in order to use for ferroelectric characterization, the up electrode 6 was used as the electrode of 
100 micrometerphi. 

[0031] Then, baking was performed for 30 seconds at 650 degrees C among atmospheric pressure nitrogen 
atmosphere, using the RTA method as the 2nd baking (Step SI 5). This 2nd baking is required in order to 
suppress leak according to the effect of shrinking the up electrode material which entered the crevice 
between the grains of the crystallized SBT thin film. Production of a ferroelectric thin film was completed 
according to the above process (Step SI 6), 

[0032] In the above-mentioned process, the X diffraction pattern of the SBT thin film after the 1st baking 
was measured. The diffraction pattern is shown in drawing 3 . In drawing 3 , the 1st baking pressure of a, b, 
c, and d is the thing of 760Torr(s), 20Torr, 3Torr, and ITorr, respectively. Moreover, in drawing 3 , although a 
horizontal axis is diffraction angle 2theta (deg.) and a vertical axis is diffraction intensity (arbitrary intensity), 
about each 1st baking pressure, the position used as the diffraction intensity 0 is moved, and it expresses as 
a vertical axis. And the inside of drawing 3 , SBT (008), SBT (105), SBT (110), SBT (0010) and SBT (200) 
SrBi2Ta209 (SBT) The diffraction peak to depend. As for the peak by Bi2Pt generated by diffusion of Bi to 
Pt electrode, and Pt, the diffraction peak according [ the diffraction peak according / Si / to a silicon 
substrate, delta-TaO (001), and delta-TaO (002) ] to the delta phase TaO and Bi2Pt express the diffraction 
peak by the lower electrode. 

[0033] according to drawing 3 , by 760Torr, the SBT peak is broadcloth very much and it is thought that it is 
an amorphous -like film On the other hand, in 3 - 20Torr, the polycrystal peak (SBT (008), SBT (105), SBT 
(110), SBT (0010), SBT (200)) of SBT has appeared. In ITorr, there is no peak of SBT and the peak of TaO 
and Bi2Pt was checked. Therefore, it turns out that the crystallized SBT thin film was obtained from this 
analysis result when the ambient-gas-pressure force of the 1st baking was the range of 3 - 20Torr. 
[0034] Next, membranous surface morphology was observed by SEM. Drawing 4 is the surface SEM 
photograph of the film which performed the 1st baking by 3Torr(s). Crystal grain with a particle size of 
50-200nm exists in the whole. 20Torr(s) — annealing — the bottom, when crystal grain exists partially and e 
film is 760Torr, there is almost no structure and it is amorphously -like That is, in atmospheric pressure 
(760Torr), it turns out that it is required for crystallization of the elevated temperature of about 800 degrees 
0 as it is in a process conventionally [ above-mentioned ]. Moreover, the film in ITorr was very porous 
although crystal grain existed, by the above result, with the fall of a pressure, an amorphous -like portion 
decreases and is understood that crystallization is advancing 

[0035] Drawing 5 and drawing 6 are graphs which show the ferroelectric property over the 1st baking 
pressure of the film obtained by the above-mentioned manufacturing process. Measurement of strong 
dielectric characteristics performs applied voltage as 3V to the capacitor of the type shown in drawing 1 
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using a well-known SOYA tower circuit. The remanence Pr of a SBT thin filnn increases with the fall of the 
1st baking pressure, and the value of 1 0.7microC/cnn2 is acquired by 3Torr. Moreover, the anti-electric field 
Ec of a SBT thin film increase with the fall of the 1st baking pressure, and the value of 52.3 kV/cm is 
acquired by STorr. However, the film calcinated the 1st time by ITorr is large, and a leakage current has not 
measured the ferroelectricity. Moreover, when the 1 st baking was performed by 550 degrees C and STorr, 
the SBT thin film was not crystallized. Therefore, the temperature of 600 degrees C or more is required for 
crystallization. 

[0036] As an example of comparison of the gestalt 1 of the example of comparison 1 above-mentioned 
implementation, the ferroelectric thin film which has the same structure as drawing 1 was produced 
according to a series of processes shown in drawing 7 for evaluation of the electrical property. In addition, 
formation of a ferroelectric thin film formation substrate was performed like the gestalt 1 of operation. 
Moreover, the process same among the processes shown in drawing 7 as the gestalt 1 of operation attached 
the same step number. Moreover, composition of a precursor solution is Sr/Bi/Ta=0.8/2. 2/2.0 like the 
gestalt 1 of operation. 

[0037] In manufacture of the ferroelectric thin film in this example of comparison, a different point from the 
gestalt 1 of the above-mentioned operation is the 2nd baking at the time of SBT thin film formation. That is, 
with the gestalt of the 1st operation of the above-mentioned, it received having performed 650 degrees C 
for 30 seconds in atmospheric pressure nitrogen atmosphere (Step S15), and 600 degrees C of the 2nd 
baking were performed for 30 minutes in 3Torr oxygen atmosphere in the thing of the example of 
comparison (Step S21). In addition, the 1st baking of the example of comparison was performed in 
atmospheric pressure (760Torr) oxygen atmosphere. 

[0038] The X diffraction pattern of the SBT thin film after the 1st baking in the above-mentioned example o1 
comparison was measured, and it was shown in drawing 8 . according to drawing 8 , a peak is broadcloth 
after the 1st baking and a SBT thin film is amorphous — the -like thing was shown Therefore, in this 
example of comparison, it turns out that crystallization of a SBT thin film is made by the 2nd baking. Next, 
the surface morphology of the SBT thin film after the 2nd baking was observed by SEM, and was shown in 
drawing 9 . Crystal grain with a particle size of 1 50-300nm exists in the whole. This has the 2nd long firing 
time compared with the gestalt 1 of operation, and is considered because grain growth progressed. 
[0039] Drawing 10 is the hysteresis loop of the obtained film. Measurement of strong dielectric 
characteristics performs applied voltage as 3V to the capacitor of the type shown in drawing 1 like the 
gestalt 1 of the above-mentioned implementation using a well-known SOYA tower circuit. At this time, it 
was 1 1microC/cm2, the anti-electric field Ec were [kV / 48 //cm ], and Remanence Pr was a value almost 
equivalent to the case where the 1st baking is performed in 3Torr oxygen atmosphere, in the gestalt 1 of 
operation. 

[0040] As mentioned above, after carrying out application dryness of the precursor solution in a method 
given in the conventional technology according to the manufacture method of the ferroelectric thin film of 
this invention, the RTA heat-treatment process (process (3)) for carrying out pyrolysis removal of the 
organic substance component in a film is skipped. The application dryness process was repeated several 
times and it considered as predetermined thickness, and after that, as 1st heat treatment process, while 
carrying out pyrolysis removal of the organic substance in a film by heating in low gas pressure atmosphere 
from one atmospheric pressure, crystallization was completed. Furthermore, while lowering the temperature 
of the 2nd baking after up electrode formation (process (5)) to 650 degrees C, the firing time has been 
sharply shortened with 30 seconds. That is, simplification of a process, short-time-izing, and low 
temperature-ization of membrane formation temperature are attained from the conventional method. 
Furthermore, a crystal grain child's big and rough-ization is suppressed by shortening of a firing time, it 
becomes precise, and production of a high-density device can be realized more from it being suitable also 
for micro processing. 

[0041] The ferroelectric memory cell by form 2 this invention of operation is shown in drawing 1 1 (d). This 
ferroelectric memory cell The transistor which consists of a polysilicon contest word line 42 which has the 
gate oxide film 40 formed on the 1st conductivity-type silicon substrate 54 which has the isolation oxide filn- 
39, and the sidewall spacer 44, and a 2nd conductivity-type impurity diffusion field 41 formed in 
silicon-substrate 54 front face, It consists of ferroelectric capacitors which consist of the barrier metal 
layer 46 by TiN formed on this transistor, the lower electrode 47 by Pt, a ferroelectric thin film 48, and a Pt 
plate line 49. Between the transistor and the ferroelectric capacitor, the layer insulation film 43, the Ta205 
barrier insulator layer 50, and the layer insulation film 51 are arranged, and the transistor and the 
ferroelectric capacitor are connected through the contact plug 45. Moreover, the layer insulation film 52 is 
formed on the ferroelectric capacitor, and the aluminum bit line 53 connected to the 2nd conductivity-type 
impurity diffusion field 41 of a transistor is formed on it. 

[0042] Below, the manufacture method of the above-mentioned ferroelectric random-access memory is 
explained based on a drawing. As first shown in drawing 1 1 (a), the transistor for a switch which consists of 
a polysilicon contest word line 42 which has the gate oxide film 40 and the sidewall spacer 44, and a 2nd 
conductivity-type impurity diffusion field 41 is formed according to a well-known MOSFET formation procesi 
on the 1st conductivity-type silicon substrate 54, and it covers by the layer insulation film 43. then, a phot 
well-known to the field of the request on the impurity diffusion field 41 — a contact hole is formed using 
the lithography method and the dry etching method, and after embedding contest polysilicon which carried 
out impurity diffusion to this contact hole, while forming the contact plug 45, flattening of the contact plug 
45 front face is carried out to the layer insulation film 43 by the well-known CMP (Chemical Metal Polishing) 
method Next, after depositing TiN 200nm of thickness by the well-known spatter as a barrier metal layer 46, 
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Pt thin film is deposited lOOnm of thickness by the well-known spatter, and the lower electrode 47 is 
formed. A SBT thin film is formed as a ferroelectric thin film 48 on this lower electrode 47 by the same 
method as Step SI of drawing 2 shown with the form 1 of operation - Step SI 3. and the SBT thin film after 
the 1st baking, the lower electrode 47, and the TiN barrier metal layer 46 — a well-known phot — 
patterning is carried out to the size of 3.0-micrometer angle using the lithography method and the dry 
etching method The type of gas used for dry etching using the efficient consumer response etcher is C2 F6 
and CHF3 for SBT thin film etching the mixed gas of Ar, CI2, and CF4, and for Pt lower electrode etching. 
And CI2 Mixed gas and for TiN barrier metal etching, it was CI2 gas. Since a SBT thin film and Pt thin film 
are very precise and it is flat at this time, precise micro processing is possible and a CD loss can be held 
down to 0.1 micrometers or less. 

[0043] Next, as shown in drawing 1 1 (b), all over a SBT thin film top, the Ta205 barrier insulator layer 50 of 
30nm of thickness is used, and a well-known spatter is deposited, then the silicon oxide of 150nm of 
thickness is deposited in well-known CVD as a layer insulation film 51. and a phot well-known in the SBT 
thin film upper part — the contact hole of 2.0-micrometer angle is formed using the lithography method and 
the dry etching method 

[0044] subsequently, the field top which contains the contact hole mentioned above as shown in drawing 1 1 
(c) — Pt thin film of lOOnm of thickness — a well-known spatter — forming — a well-known phot — it was 
processed using the lithography method and the dry etching method, and considered as Pt plate line 49 And 
the obtained substrate was heat-treated for 30 seconds at 650 degrees C in atmospheric pressure nitrogen 
atmosphere, using the RTA method as the 2nd heat treatment. This SBT thin film is very smooth, is precise, 
and did not spoil the configuration of a ferroelectric capacitor. Moreover, it was 200nm when the thickness 
of a SBT thin film was measured. 

[0045] then, well-known CVD and flattening technology — using — the layer insulation film 52 — depositing 
— flattening — carrying out — a well-known phot — the contact hole to another impurity diffusion field 41 
of the transistor for a switch is formed using the lithography method and the dry etching method, 
well-known aluminum wiring technology is used, a bit line 53 is formed, and as shown in drawing 1 1 (d), a 
ferroelectric memory cell is completed 

[0046] Thus, the electrical property of the produced ferroelectric memory cell was measured using the 
well-known SOYA tower circuit. Drawing 1 2 is a graph which shows the hysteresis loop when measuring 
applied voltage by 3V. The configuration of the hysteresis loop was good, the value of 30 kV/cm (0.6V) is 
acquired and, as for Remanence Pr, operation sufficient as a ferroelectric capacitor was checked, as for 
5microC/cm2 and the anti-electric field Ec. In addition, it is fully utilizable as a ferroelectric memory cell tha 
the property is inferior compared with the gestalt 1 of operation, although it is thought that it is based on 
process damages, such as etching. Moreover, the value of the leakage current of applied-voltage 3V is 
5x10-8 A/cm2, and property sufficient as a ferroelectric capacitor was checked. 

[0047] Drawing 1 3 is the graph which impressed voltage 3V and the pulse with a frequency of 1MHz, and 
plotted change of amount of stored charges deltaQ to the number of times of repeat polarization reversal at 
the time of performing polarization reversal repeatedly. Completely, change is not looked at by the amount oi 
stored charges, but after polarization reversal of 2x101 1 cycle shows a property good as non-volatile 
memory to it. 
[0048] 

[Effect of the Invention] According to the manufacture method of the ferroelectric thin film of this invention 
the RTA heat-treatment process which is a pyrolysis removal process of the organic substance component 
in a film after carrying out application dryness of the precursor solution currently performed from the former 
is skipped. Since an application dryness process is repeated several times, it considers as predetermined 
thickness and the 1st heat treatment process is performed in low gas pressure atmosphere from one 
atmospheric pressure after that It can crystallize simultaneously with pyrolysis removal of the organic 
substance in a ferroelectric thin film, and while simplifying the process currently performed conventionally, it 
can short-time-ize and low temperature-ization of membrane formation temperature is still attained. 
Moreover, production of a high-density device is more realizable by shortening a firing time from the ability 
of micro processing for big and rough-ization of the crystal grain child in a ferroelectric thin film to be 
suppressed, and for it turn precisely, and to be made possible. 

[0049] Moreover, in the ferroelectric memory apparatus using the ferroelectric thin film formed by the 
manufacture method of this invention, and this element, in order that a ferroelectric thin film may make it 
precise, reduction of a leakage current etc. can be aimed at and it becomes possible to realize the element 
and equipment which have the strong dielectric characteristics which were very excellent. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the outline cross section of an important section showing the example of the ferroelectric 
thin film of this invention. 

[Drawing 2] It is process drawing showing a part of manufacturing process of the ferroelectric thin film of 
this invention. 

[Drawing 31 It is drawing showing the X diffraction pattern of the film to the ambient-gas-pressure force 
(the 1st baking pressure) of the 1st baking of the SBT thin film of the ferroelectric thin film formed by the 
manufacture method of drawing 2 . 

[Drawing 41 It is the surface SEM photograph of the SBT thin film which manufactured the 1st baking 
pressure as 3Torr(s) by the manufacture method of drawing 2 . 

[Drawing 51 It is the graph which shows the change of Remanence Pr to the 1st baking pressure of the 
ferroelectric thin film formed by the manufacture method of drawing 2 . 

[Drawing 61 It is the graph which shows the change of the anti-electric field Ec to the 1st baking pressure 
of the ferroelectric thin film formed by the manufacture method of drawing 2 . 

[Drawing 71 It is process drawing showing a part of manufacturing process of the ferroelectric thin film of 
the example of comparison. 

[Drawing 8l It is drawing showing the X diffraction pattern of the SBT thin film formed by the manufacture 
method of drawing 7 . 

[Drawing 91 It is the surface SEM photograph of the SBT thin film manufactured by the manufacture method 
of drawing 7 . 

[Drawing 101 It is the graph which shows the hysteresis loop when impressing the voltage of 3V to the 
ferroelectric element of the example of comparison. 

[Drawing 1 11 It is process drawing showing the manufacturing process of the ferroelectric memory apparatus 
of this invention. 

[Drawing 121 It is the graph which shows the hysteresis loop when impressing the voltage of 3V to the 
ferroelectric memory apparatus of drawing 1 1 . 

[Drawing 131 It is the graph which shows the defatigation property of the ferroelectric memory apparatus of 
drawing 1 1 . 

[Description of Notations] 

1 54 Silicon substrate 

2 Silicon Thermal Oxidation Film 

3 Ta Film 

4 Lower Electrode 

5 48 Ferroelectric thin film 

6 Up Electrode 

39 Isolation Oxide Film 

40 Gate Oxide Film 

41 Impurity Diffusion Field 

42 Polysilicon Contest Word Line 
43, 51, 52 Layer insulation film 

44 Sidewall Spacer 

45 Contact Plug 

46 Barrier Metal Layer 

47 Lower Electrode 

49 Plate Line 

50 Barrier Insulator Layer 
53 Bit Line 
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r^'S 6 ) . 13 0 "C^^hMmUlS. 1 5 0 'Cr 1 On553 

l^.^^a(7:) r - ;u <L 7k <L •/g.f® i L r am b rc =^ u 

V^l^^^f-S/cfi^CC. 1 3 0-C-1 5 0"CCDSSr5H# 

0. 4 b ^m\^<Dy ^ )l'^^'\&MLfc {:^f'yy'S 3 
8 ) „ ^oom. m^o:> S r 0 . « B i , . ^ T a , . 0 O. . tCDif^ 
[K4:0. 1 m o 1 / I CCp^L . Cti-^wMti^i^'i&<^ 
/c C^y^yy'S 9) o 

2 0 'WJ 3 0 0 0 r p in'CX b'>^^ L/c ( 7>7^ v 7 S 

L 0 ) , ^ori^, -ffits^ i 2 oxy.zumotct^^y vy'\y 

fi^CCimiilH^ 100-130 "CiT^Ci mt^ b 
<. ,TiJS^c?i^)SraS6:l: I 2 0"CfMS'Cj^^)„ C 

imrh (xr-vr^'s I 2) . coa^^i:^:^^^!£Mco^f^<Sl^ 

i:'C*»o-C. X!iH#faiO^SScOAcii^2 3 0 6 0 "C 
^^ilO. 1J^®2 0 0 nmOS BT5iS)gl^/S;«?5L/c. 
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[0 0 3 0] ^X^C. mimS.tL'CRTA^m^-^'C. 1 
-7 6 0 T o r r [g^^HM*. 6 0 0 T.T 3 0 f/O^ 
J^:fa^?f o/c (Xf- 7 :?'S 1 3 ) „ CO'^ 1 im%'^ci6i.^ 

mmz^m ^ n tcwm * £c ^ n ^ w ts-R-io:) i^ft^ft? 

E B (electron beam):^^^^! J: D . 1 0 0 n inOD 

tc^) . ±gP*^ffi 6 ^ 1 0 0 ju m fl<:t I' 

[0 0 3 1 ] J^ut^T. l^2r£/aiOT. RTAS;^ffl 

-^tc {^'T'jy's 1 5) o c(Dm2mmt, ^^uitLtc 

f^ii^^Tb/c (x-r v:7*S 1 6) „ 
[0 0 3 2 ] JziicoXli^CidLir, IS 1 6^fSi^<?:> S B T 

^m^^'Cffk-r. ll|3CC:b'C^'C. a. b. c. d t-i^n^ 
1 ;^3^lSE;^^^7 eOTorr. 20Torr, 3T 
orr. 1 To r rCD4>(D-C^^. */c. a3tC:fot^ 

^0/c4>C0r^5. "tLX. mS^. SBT (00 
8) . SBT ( 1 0 5) . SBT ( 1 1 0) , SBT 

(0 0 10) RC/S BT (2 0 0 ) tiS r B i ,Ta,0 
, (SBT) cfc^lsllfTt:--^, S ii^^>'J::J>SStcJ: 
€>[i]^;Tt:--^'. ^"TaO (0 0 1) RG^'c^-TaO 

(0 0 2) t^5^aTaOCcJ:^lH]^/Tt'--^?. BijPt 
(iP t1Stl--o:)B 1 ©-fm-C^f^Sb/cB i , P t tcj:^ 

[0 0 3 3 ] [13CCj:n5.t. 7 6 0To r rrf.iSBT 

OTo r rrt.tSBTCO^eH^Bib-'-i' (SBT (0 0 
8).SBT(105).SBT(110).SBT 
(0010). SBT(200)) ;<?nHtiTL^^.. 1 T 
) 0 r rX{'lSBT<D\::-^W'-s< . TaOiBi^Pt 

I '/^E/Sc^^.^Sm^'^E;^;^^ 3 - 2 0 T o r r colufflcDl^ 

[0 03 4] ;XtCflg(D:^ffi^7 -^Oiy-^S EMV%m 
Ltc. 13 4^^3 To r r T'S^ ir£^^?T':>/cfl|?<^SItE S 
EM^M'C^h. i&f*^C&S5 0-2 0 0 n mO-t^aS 
2 OTo r v X'T ^-)\^LfcmvX%\^^m^^c 
^^¥amm'f±LXio '0. 7 6 0 T o r r ■^WrJitA. 

t-\^4-^m^<T't)Vy r:^y-( ^^^^<^'>'^^'^^- "^^^^ 
0 A^E (7 6 0 T 0 r r ) rOi. .HSS^^^'^-te X 



(6) 



Vih^Ct ^ , ^ . I T o r r X^ooim^^nk^ 
tctff ffil' h h (DO. 'I'-- ^ 'C -o fc. a±<Di^ 

[ 0 0 3 5 ] El 5. ll6(J:±Mi6:)S^itXfMCCj:5:)f#6n 
r-^) -6, 'j^lS?S#i4cD?S'J^t^. 0 1 ^c*"^ ^ ^'^^^ -i' 

'^■^ffiP r t:t. Kl 1 m%T£1l<0\&y^U^^^m^l^. 3 T 
orrriO. 1 uC/cm'(Dmi)n^hnX{.^h. it 
fc. S B T^l^ilcDriag^rE c tit. mi mfy%S.ts<Di&T^^C 
iH^mU 3 T o r r r r> 2 . 3 k V / c rnOOfil/J^ff 

etiXl-^h. fcrcL. ITor vxmitrBf}^i^tcmj^t. 

tc. m 1 its^lS^ 5 5 0 ^C. 3 T o r r Xli -otcm^^^^C 
[0 03 6 ] tfclSCT 1 -0 

m(Dmj&\x. mmmmi tmm. sr/Bi/Ta = 

0. 8/2. 2/2. 0X^6. 

[0 0 3 7] ^tmm^c-hii ^mfmimmm^(Dm-M 

llig]f50,»OlB 2 m&X £fe ^ T 4^ t3 h . Bu iiliOlg I <©5^l 

mcom&xrx. sf?2fe'£/s^Ami3:^s^HM43T6 5 0 

"a 3 0»Rnffo/c (Xir-:;y'S 1 5 ) CDtc>r^tL, it?^ 
t?i|(D^>(D'Clj;3To r r S^^'^ 11^*^6 0 O'C, 3 0 

^fHrrro/c (x^':/:7*s2 1) „ ^c^\ ttmiomiM 

r&Ui<:S^f£ (7 6 o T o r r ) ffJS^'#lIfltm"Jrtf o /c. 
[0 0 3 8 ] Xeeh[:fj?piRc^dC7^S5 I fi't/St^OS BT^ 

9 tCn^L/Co ^tti'C^i'tl 1 5 0-3 0 0 0 rn^DltSo^te/ji 

[ 0 0 3 9 ] 13 1 0 mi^n/cSicD t xf- v'X^v- 
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hOXrh^. CCOi^. ?^S55^@P r rJ:l 1 MC/cni 
\ tnmi?Ect.t4 8 kV/cm-Cdoi^. 3l?Ji^(?:>Jf^/iM 1 

cc:rcji^r. mHi!^s^3To r rS^mnm^K^Pxn-otc 

[0 040] ti±CDJ: 'JCC. 2t^^£Hj5cr>^^g?-tSt^T-$.tl?l<^5li 

6fci^(DRTAimmmxm (Jim (3) ) -^-fEiSL 
^7iJ^£tIX!S^ii[elg*:JilO'crr^c?:>)li/li ^ 

::^7#liafl t^t^ X MA ^: ff 9 c d: 6C J: ^ T III * o ^ 
meifMf§CDm2«f^^ (X^l C 5 ) ) 5 0 

s -cTcf -6 iftcc, jj^^sQ^rd]^ 3 0 fptME'^cmmx ^ 

^v X o msi r ^ ^ „ 

[0 0 4 1 ] ^teCDm".2 

-bS^fbffi40. K'^:t-.'t'X-<--tf 4 4^W-r^ 
nvc^- K.^4 2 . v-U n>-StS5 4^ffi^C;If$ 

fS s n/ciB 2 mnm.^mA\}i.H^w^ 4 1 i ;!)^ ^ ^j: ^ h 

XS^^'JT^^^l'MArd. P t ^cJ:6TgPiitS4 7. ^ 
il^f*3?fli4 8J^6^'P t 7*U- h.f«4 9 iT^J^^^^cC^mi 

, o . ^ < rmmm 5 0 ao^'/sfpii^ttsi ^ i ^ 

too. l-> > >^ X i ij^iS m + ^ ^" >- ^ i 'rd: =3 > ^ ^ 

cox^c. h^7>^x^7 0?f12l^mM-^^ifHti=B'H£S^^^^^^ 1 

[0 04 2] WTCC. XIE^JSif^gf*^ -^-^ V OS^ig:^?£iC 
our. HiBccS'TJc^'cafttW'r^o ^TMi 1 (a) 

hKfb)®4 0. 't^-r F^>:i-->'l^X-<--1f4 4^^f 
■j>'>;ri>7- hM§l4 2. ?g2 2g^5![T4«1^ffi»P>3(4 
ltf)^^tj:6:^^ y'^mV'p > >>X ^ ^'i>^cDMO S F 
ETff^/ijcXtMCCcfcOffML'. ,[grol«:SM4 3-C?5^„ ^ 

ffeU/crK'J>'';rJ>^:J:I^iA/v/cf^, ^ii^OCMP (Ch 
enical Metal Polishing) ^£^CJ:S:). a > ^ ^ h 
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s B imm. TumM 4 7 mji i n >; r ^ ;uji 4 

;^7":^ll^i. SBT?5fiaJ^'v^>^"ffl^^cjj:A r . CUR 

s B T?siK^^j:6^p t mBjrm'm'.cmM'c^m'c^i>(o 

x\ limr^mimiLii^m'^'Vh 0 . C D p 0 . 1 M 
[0 04 3] :^&C. la 1 I (b ) JCn^U/c<:t S B 

,*fe*f fl*5 I t Lxmm 1 5 0 n m(D'> 'J =3 >SSfbIil^^ 

[0 044] ^Xt.^r. ^11 ( c ) tC^O/cJ: ^iC. m 
aiU/(i=i>^^ h^^-;W^^^i'$I^Ui±^cMi¥ 1 0 0 nm 

[0 0 4 5] ^onk. 'Muooc V D?s i waftSffi^ffl 

X^'y VUo3^nMb. m \ i (d ) ^CfnUAiJc^fC 
[0 046] C CD ct ^) b -CfPK L/c^JSiSmf*^ >; -fe 

E crj:3 0 kV/cm (0. dV) (Dmf)^nhtiX-^ 
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{X x 7 > ^7 If CO u -t^ ;^ ^ V - C c J: S i # ^ 6 n 

-^^1^ ^dipm(*^-t ^)iti,x+^^^cmmitr^ct 

5 X 1 0-\'\Xcm^-C^)^ . ^Mr^f'^^-ti-^^'v^^cbL 
[ 0 0 4 7 ] 0 1 3^:]:. 1SEE3V. /ili^SJ I MH z 6^:)^^ 

[0 04 8] 

{X. t£^^'fbn-t>nxi.>fcmmwm^^mmmLt^^^^^ 
(Dm^'^m.'^f&^om^mf^.ikJLmxiib^ r t a fiu^^^sii 

iji^coMe^efe^-cDMAf b^fwj L xmmt bxrAMhui: 

:^<DVmi^mMX^h. 

[0 049 ] ^/c. :^^m(Om:miim^CX'0W^n%-Sh,fc 
Kl!Cc^dl>-CtS. ^^i^lgftWl^^/^.^SfbT'S/ca?). 

[llMc?:)fS!m^xl^H3] 

<D\immmmxh^^. 

s B immom i ^^fiScD#iiBti:'/xi±:^ cm i 

) CCMT -6 ^COX ISllHlff - > ^ fnl' H r * ^ o 
O-cM^iO/cS BTSSMtD-^ES EMnKX^6. 

Xih6. 

[117 ] j;bi?i?^iJO?*gS^^f*tSK-3?-T-CDSi5SX?iO-g^ 

n^-rx^snT^s, 

50 [US] (17cD5iju!i77firif5fi£L/cSBT;igI?50X^^^ 
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( [1 9 ] [3 7 (Dmmj^^M)^ LtcSBT mmoomm s 

[0 1 2 ] El 1 1 0^£^1§f*^^-e vmm^C 3 Vc^rlE-iT 

^= 

[a 1 3 ] s I 1 vm^mmm'i^^. 

3 T a II ^ 
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[gl2] 



SI- 
S2- 

S3- 
S4- 
S5' 
S6- 
S7- 

S9' 



( C^H^gCOOH ^ 



mn 100-1 2Q*C 
30^ 



Sf(C;rH^ 5000)2) 



30* 



(^Bi(C7Hi5CQO)^ 



f*^ 130-150'C 



0.45 >i 



0.1 M/L 



S10 






3000rpm 20sec. 






1 


S11 


100-130*C 5m in. 
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230-260'C 5min. 
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mi 



mi 0] 
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S3- ■- 
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S20-- 
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30^ 
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